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Pseudofolliculitis barbae (PFB) is a common hair disorder characterized by a pustular foreign body inﬂammatory
reaction that is induced by ingrown hairs of the facial and submental (barbea) regions after regular shaving. It
occurs predominantly in black males, while it is rather rare and usually far less severe in Caucasian males. Black
individuals have a higher propensity of developing PFB due to their genetic predisposition for curly hair which
inherently possesses a much higher risk of growing back into the skin than straight or wavy hair. The PFB process
is, however, not gender dependent nor restricted to the face, but can occur in any skin region once regular shaving,
plucking, or other traumatic means of hair removal are instituted. Through a family study and a large-scale
investigation of randomly sampled PFB-affected and -unaffected individuals, this study demonstrates that an
unusual single-nucleotide polymorphism, which gives rise to a disruptive Ala12Thr substitution in the 1A a-helical
segment of the companion layer-speciﬁc keratin K6hf of the hair follicle, is partially responsible for the phenotypic
expression and represents an additional genetic risk factor for PFB.
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Pseudofolliculitis barbae (PFB), also termed pili incarnati or
‘‘ingrown hairs’’, is a common human hair disorder that
occurs on the neck and the submental region of the face.
Regular shaving, in particular ‘‘against the grain’’, repre-
sents the precipitating factor in this disease. The razor
produces short, sharp, and pointed hairs that penetrate the
skin either in an extra- or transfollicular manner. These
ingrowing hairs initiate a foreign body reaction producing
erythematous papules and pustules that may heal with or
without scarring and may even produce keloid formation.
The primary lesions normally subside upon discontinuance
of shaving or employing alternative grooming measures
(Dubreuilh, 1922; Strauss and Kligman, 1956). Compared to
Caucasian males, black males are distinctly more suscep-
tible to developing PFB (Fig 1) due to their genetic
predisposition for strongly curved hairs. These hairs show
a concavity towards the epidermis and therefore have a
much higher tendency to reenter the skin than straight or
wavy hairs (Strauss and Kligman, 1956; Rook and Dawber,
1982; Kauvar, 2000). Furthermore, facial hair patterns have
recently been identified as an additional genetic factor
involved in the PFB process. Normally, the direction of
beard hair growth is caudal. Cephalic directed hair patterns
or those in whorls or small eddies have been found to
initiate localized PFB after shaving (Pinkus, 1927; Ross et al,
1993). PFB reactions after regular shaving have, however,
also been noted in the scalp of black males, the axillary and
pubic skin region, and on the legs of black and Asian
women as well as on the face of women suffering from
hirsutism (Alexander, 1974; Dilaimy, 1974; Smith and Odom,
1977; Garcia and White, 1978; Hage and Bouman, 1991;
Crutchfield, 1998). The present investigation demonstrates
a disruptive Ala12Thr substitution, which occurs as a single
nucleotide polymorphism in the 1A a-helical subdomain of
the hair follicle companion layer-specific keratin K6hf
(Winter et al, 1998), and its role as an additional genetic
risk factor for the development of PFB.
Results
Patients and mutation analysis Initially, we had access to
a three-generation Caucasian family (Fig 2a), whose male
members, including the deceased individual I-2, possessed
Abbreviations: IRS, inner root sheath; ORS, outer root sheath; PFB,
pseudofolliculitis barbae
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distinctly wavy scalp hairs and suffered from relatively
severe PFB. The typical primary lesions of papules and
pustules were not limited to the neck and submental region,
but were also found on the cheek. Moreover, individual II-2
complained of hairs principally on the undersurface of the
chin and the neck, that frequently were completely buried in
a spiral-like manner within the pustules and occasionally
reached a length of about 1 cm when removed. To investi-
gate the potential of mutated keratins that are expressed in
compartments of the hair follicle thought to be involved in
the correct guidance of the growing hair, we analyzed the
critical helix initiation and termination regions of the recently
described inner root sheath-specific type II keratin gene
K6irs1 (Langbein et al, 2002), as well as the companion
layer-specific keratin gene K6hf (Winter et al, 1998) for
mutations. While no alterations were found in the K6irs1
gene (results not shown), we identified a heterozygous
G ! A substitution in a GCC codon of the K6hf gene (Fig
2b,c). This G ! A change led to a conservative Ala12Thr
substitution in the 1A a-helical segment of the keratin
(Ala161Thr in the total keratin) in affected individuals II-2
and III-2. The K6hf Ala12Thr substitution was not found in
female individual II-3, but was present in female individual
III-1. Both exhibited rather straight hair, however, neither
shaved regularly, nor removed hair by other means. Indeed,
they denied hair problems of any kind.
The K6hf Ala12Thr substitution does not interfere with
the formation of coiled-coils Ala12 represents one of the
strictly conserved amino acid residues in the 1A helix
segments of all type II keratins, suggesting that its sub-
stitution potentially compromises the formation of stable IFs.
This assumption is supported by our recent finding that a
non-conservative Ala12Glu mutation in the type II hair
cortex keratin hHb6 was causative for monilethrix (Winter
et al, 2000). In order to evaluate the effect of both the K6hf
Ala12Thr and hHb6 Ala12Glu substitutions, we generated
three-dimensional computer models of the normal and
mutated 1A coiled-coil domains of the two keratins, using
as type I partners the 1A segments of K17 (Troyanowsky
et al, 1992), which is co-expressed over a wide range with
K6hf in the companion layer (Winter et al, 1998), and hair
keratin hHa1 (Rogers et al, 1998), co-expressed with hHb6
in the hair cortex (Langbein et al, 2001). Figure 3 shows that
the potential changes induced by the Ala12Thr substitution
on the structure of the K6hf 1A coiled-coil were minor and
largely confined to a turn of a-helix on either side of residue
12. The axis of the coiled-coil remained straight and the root
mean square deviation between the Ca positions of the
Figure 1
Pseudofolliculitis barbae of a black individual. Note the numerous
papules and pustules in the submental and submandibular skin.
Figure2
(a) Pedigree of the pseudofolliculitis barbae family. Affected
individuals are indicated by solid symbols (I-2, deceased individual),
and unaffected members are marked by open symbols. Individuals
from whom genomic DNA was obtained are denoted by an asterisk.
(b,c) Mutation analysis of the K6hf gene. (b) DNA sequence excerpt of
the unaffected individual II-3; (c) DNA sequence excerpt of the affected
individual II-2, showing a heterozygous G–A transition (arrows in b
and c).
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starting and mutated refined structures was small (0.054 nm).
In addition, only minor perturbations close to the site of
the mutation were also observed upon modeling of the
normal and Ala12Glu mutated hHb6 1A segments (results
not shown).
The K6hf Ala12Thr substitution is disruptive at later
stages of ﬁlament assembly The results of our modeling
study contrast with pronounced coiled-coil disturbances
recently observed upon modeling the sterical effects of a
conservative Val18Leu mutation in the 1A segments of both
K5 and K14, causing epidermolytic bullosa simplex (Liovic
et al, 2001). The reason for this discrepancy probably lies in
the position of the critical substitutions within the heptads of
the respective 1A segments. While Val18 occupies an
internal a position, Ala12 lies in an external b position on the
surface of the coiled-coil and is thus well displaced from the
area of contact between the two chains that specify
molecular assembly. It is therefore conceivable that its
substitution does not seriously modify either the a-helical
structure of the 1A segments or their ability to assemble in
register in a parallel mode. Knowing of the demonstrated
pathogenicity of the hHb6 Ala12Glu monilethrix mutation
(Winter et al, 2000), it is evident that the Thr and Glu
substitutions of Ala12 in the outer b position of the 1A
segments lead to significant localized changes in the
surface appearance of the coiled-coil molecules, and that
this must compromise the aggregation of the keratin
molecules in the IF. In order to demonstrate this for the
K6hf Ala12Thr substitution, we investigated whether these
postulated disturbances of IF formation could be seen in a
cell culture system. To this purpose, three expression
constructs, containing either K17 or the wild-type (WT)
and Ala12Thr forms of K6hf, were transfected in different
combinations into PtK2 cells which express an endogenous
K8/K18 IF network (Lane and Klymkowsky, 1982). Figure 4a
shows that the combination K6hfWT/K17 forms a fully
extended IF system while the combination K6hfAla12Thr/
K17 leads to a tight and fragmented network around the
nucleus as well as a multitude of cytoplasmic aggregates
(Fig 4b,c).
Collectively, the above data indicate that the disruptive
K6hf Ala12Thr substitution is autosomal dominantly trans-
mitted in the described PFB family. Nonetheless, no clear
and concise answer can be given regarding the segregation
of the Ala12Thr substitution in association with the PFB
phenotype, as the female members of this family did not
shave or removed hairs by other means. Focusing on the
male members alone, there is, however, evidence that
the K6hf Ala12Thr substitution is associated with the PFB
disease process.
Large-scale investigations Based on these observations,
we investigated the frequency of the Ala12Thr substitution
in representative groups of phenotypically PFB-affected
and unaffected individuals. There were two distinct reasons
as to why the majority of the sampling (156 of 200 in-
dividuals) took place at two United States Army Hospitals in
Germany. First, the grooming code of the United States
Army guaranteed access to a sufficiently large population of
individuals that must shave regularly to set a standard.
Second, considering the low PFB frequency in Caucasians,
we wanted to increase the number of potentially susceptible
individuals through the inclusion of Afro-Americans (Table I).
Indeed, our randomly sampled test population confirmed a
much higher PFB incidence in the black population (82%
in black individuals versus 18% in Caucasian individuals),
which fell within the previously reported variation range
of 50%–83% (Kauvar, 2000). A minority of PFB-affected
individuals were black (7%) and Caucasian women (3%),
who noted PFB symptoms after shaving in the groin and/or
the axilla.
After the isolation of blood DNA, followed by PCR
amplification and sequencing of the 1A coding region of
the K6hf gene, the frequency of the G ! A transition in the
Ala12 codon was found to be 9% in group A and 36% in
group B (Table I). The affected group B demonstrated a
statistically significant higher G ! A transition rate than that
of the unaffected group A (po0.000006). This statistical
significance held true when the incidence of the resulting
Ala12Thr substitution in the two groups was determined
separately for males (po0.0008) and females (po0.0001).
In addition, the relative risk of developing PFB was
significantly increased in the presence of the Ala12Thr
substitution by a factor of 6.12 (Table II). Our data indicated
that the incidence of the Ala12Thr substitution in the
investigated population was approximately 3 times higher
Figure 3
Computer-generated K6hf/K17 1A segments as helix representa-
tions. View of the constructed K17/K6hf 1A dimer, shown as a
backbone a-carbon trace only. The K17/K6hfAla12Thr model is shown
in red and is superimposed on the initial model, shown in blue. The
location of the mutated residue Ala12Thr is labeled.
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in the black population than in Caucasians (36.7% vs
10.9%). Moreover, in accordance with a previous study
(Alexander, 1974), more than 50% of affected black
individuals, including women, affirmed that they had fathers
or brothers, or both, afflicted with PFB. In line with this, we
detected one black male who exhibited a homozygous
Ala12Thr mutation. Subsequent evaluation of the risk factor
‘‘curved hair follicle’’ in the logistic regression of the
incidence of PFB in the presence of the K6hf Ala12Thr
substitution not only showed that both represent indepen-
dent risk factors for the condition, but also revealed a more
than 50 times higher risk to develop PFB difficulties in the
presence of curly hair (Table II).
Discussion
Based on the segregation of a G ! A transition in the Ala12
codon of the K6hf gene, which entailed a conservative
Ala12Thr replacement at the protein level with the PFB
phenotype in male members of a Caucasian three-genera-
tion family, we investigated the occurrence of the K6hf gene
defect in representative, groups of randomly sampled
unaffected and affected individuals. In view of the observed
frequencies of the G ! A transition in the two groups, it is
clear that the base substitution must be considered as a
single-nucleotide polymorphism (SNP). To our knowledge,
this is the first example of a potentially deleterious keratin
gene mutation that has passed beyond the 1% margin
through which mutations are per definition, distinguished
from SNPs (Brooks, 1999; Kirk et al, 2002). There are
multiple reasons that may account for this unusual spread
of the K6hf gene defect. First, it is evident that compared
with the known plethora of disfiguring and disabling
keratinopathies, PFB represents a distinctly minor health
problem. Based solely on its symptoms, there is certainly
only a negligible social pressure against its spread. Only a
few examples are known for distressing and discriminating
situations related to PFB, i.e., for black men enrolled in the
US Army, where a rigid grooming code requires clean-shaven
faces and the resulting ‘‘razor bumps’’ are a source of much
misunderstanding and social unrest (Alexander and Alex-
ander, 1974; Conte and Lawrence, 1979; Coquilla and
Lewis, 1995). Otherwise, affected men have the possibility
of either growing a beard which completely circumvents the
outbreak of the disorder, or substantially minimizing PFB
symptoms by improvising less traumatic shaving ‘‘with the
grain’’, using razors that avoid both the formation of sharp
hair tips or retraction of the cut hair underneath the skin
(Crutchfield, 1998). More importantly, however, it has to be
taken into consideration that in the female population with a
generally low shaving rate, the Ala12Thr polymorphism
remains essentially dormant and is thus propagated without
knowledge. Collectively, all of these factors contribute to
the relatively high incidence of the deleterious K6hf gene
defect and its maintenance in the human population.
Intuitively then, one questions how the K6hf Ala12Thr
polymorphism promotes PFB. The basic follicular anatomy
Figure 4
PtK2 cells transiently transfected with K6hf and K17 expression vectors. (a–c) Cells fixed and stained (K6hf-specific guinea pig polyclonal
primary antibody and Alexa Fluor 488 goat anti-guinea pig IgG (Hþ L) as secondary antibody) at the 48 h post-transfection time point. (a) Cells
transfected with K6hfWT/K17. (b,c) Cells transfected with K6hfAla12Thr/K17. Note the fully extended IF network in a, compared with the formation
of both a rudimentary IF system, collapsed around the nuclei and aggregates spread across the cells in b and c. N, nucleus. Scale bar¼35 mm.
Table I. Composition of test groups A (PFB-unaffected) and B (PFB-affected) and determination of the respective frequencies of
the K6hf Ala12Thr substitution
K6hf Ala12Thr (%)
Group Total (N) Afro-American Caucasian Total Afro-American Caucasian
A 100 8 92 9 1 8
(unaffected) (84#/16~) (5#/3~) (79#/13~) (9#/0~) (1#/0~) (8#/0~)
B 100 82 18 36 32 4
(affected) (90#/10~) (75#/7~) (15#/3~) (29#/7~) (27#/5~) (2#/2~)
Table II. Risk factors for the incidence of PFB
Risk factor Odds ratio 95% CI p-Value
K6hf Ala12Thr
substitution
6.12 2.10–17.81 0.0009
Curved hair follicle 51.27 20.31–129.42 o0.0001
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helps us understand the process. The hair shaft is
surrounded by the outer root sheath (ORS), the companion
layer, and the inner root sheath (IRS). Cells of the com-
panion layer display a particularly striking concentration of
prominent IF bundles on the side facing the outer Henle
cells of the IRS, to which they are tightly connected by
numerous desmosomes. This suggests that the companion
layer/IRS complex constitutes a functional tissue unit that
tightly surrounds the hair shaft and serves to guide and
stabilize the ascending hair (Langbein et al, 2002; Niemann
and Watt, 2002). It is conceivable that IF-destabilizing
mutations in the K6hf keratin may disturb both the
mechanical integrity of companion layer cells and their firm
attachment to the IRS, and thus lead to a functionally
compromised companion layer/IRS unit. This compromised
unit may no longer be able to tightly guide and protect the
hair on its movement to the skin surface. Importantly, most
disruptive keratin mutations remain essentially unremark-
able as long as the corresponding tissue is not mechanically
traumatized (Irvine and McLean, 1999). In the case of the
PFB-associated hair follicle, both pressure and traction
exerted on the skin by regular and close shaving may
represent the mechanical stress that activates the deleter-
ious nature of the K6hf Ala12Thr polymorphism and results
in destabilized pointed hairs in the hair channel. These hairs
subsequently run a high risk of either getting trapped while
still in the hair channel or leaving the follicular orifice in a
less than optimal manner and consequently growing back
into concave skin areas of the submental or submandibular
region. It is evident that the hair-destabilizing effect of the
K6hf Ala12Thr polymorphism should generally be more
efficient in promoting PFB in the presence of curled rather
than straight hair. It is therefore possible that the combina-
tion K6hf Ala12Thr/straight hair may remain phenotypically
unremarkable in particular if the submental and subman-
dibular skin regions exhibit horizontally oriented hairs that
are less able to grow back than caudally oriented hairs.
Those apparently not unusual hair patterns (Pinkus, 1927;
Ross et al, 1993) may partially account for the relative
high number of Caucasian individuals exhibiting the K6hf
Ala12Thr substitution in the absence of PFB symptoms
(Table I). Taken together, our data demonstrate that PFB is
an unusually complex disease process whose etiology,
besides shaving as the mechanical conditio sine qua non,
involves several genetic risk factors. Similar to liver diseases
of multiple etiologies (Ku et al, 2003), one of these risk
factors seems to be a defect in a keratin gene. The
potentially hair-destabilizing polymorphism observed in the
K6hf gene, also requires a mechanical stress like shaving to
become activated. Apparently, the effects of both risk
factors are then modulated by likewise genetically deter-
mined traits such as hair type and patterns, which may
either lead to an aggravation or an attenuation of the PFB
phenotype.
Materials and Methods
Patients The pedigree shown in Fig 2a indicates a Caucasian
three-generation family whose male members I-2 (deceased), II-2,
and III-2 suffered from relatively severe PFB symptoms, while
female individuals I-1, II-1, and III-1 denied hair problems of any
kind (for details, see Results). The majority of male and female PFB
patients and unaffected individuals used in a large-scale study
were recruited from the United States Army Hospitals in Heidelberg
and Landstuhl, Germany (156). Additional test persons were
recruited from the German Cancer Research Center (32) as well
as a local general medicine clinic (12). All individuals were initially
educated on the clinical aspects of PFB. After a historical review
for PFB symptoms associated with regular shaving practices (at
least once per week) of the beard, axilla, groin, or leg region,
individuals were assigned either to an unaffected or an affected
group (see Table I).
PCR and automated DNA sequencing After approval of the U.S.
Army Ethical Committee and according to the Declaration of
Helsinki Guidelines and with patient consent, Ethics Committee,
samples of approximately 20 plucked scalp hairs, each obtained
from individuals II-2, II-3, III-1, and III-2 of the PFB study family, as
well as consecutively coded peripheral blood probes, drawn from
members of the affected and unaffected test groups, were used to
extract genomic DNA for analysis by means of the QiAamp blood
kit (Qiagen, Hilden, Germany). Mutation analysis for the 1A a-
helical segment of keratin K6hf was performed as described by
Winter et al (1997). Briefly, genomic DNA was PCR amplified using
forward primer (exon 1) 50-TCAGTGGCCCCAGCTTCCCCGTG-
TGTC-30 and reverse primer (exon 2) 50-TGTTCCTCAGTTCAGCTT-
CAAGCCTG-30. Direct, automated sequencing of the PCR pro-
ducts was performed according to the Thermo Sequenase
radiolabeled chain terminator cycle sequencing protocol (Amer-
sham, Freiburg, Germany) using the forward primer.
Computer-generated models of the K6hf/K17 and hHb6/hHa1
1A segments The K5/K14 model of Liovic et al (2001), was used
as a template for the keratin since it had a very high degree of
sequence identity with the structures studied here (approximately
93%). Appropriate residue replacements were made in the
heterodimer using Turbo-Frodo (Roussel et al, 1998), and mini-
mization and molecular dynamics were then performed using
AMBER 7 (Case et al, 2002). Initial minimization was carried out as
part of a multi-step process using the method of steepest
descents. Heavy atoms, followed by backbone atoms and N-
and C-terminal main-chain atoms, were constrained and energy
minimized over 100 cycles of steepest descent. The resulting
structure was checked with WHAT_CHECK (Hooft et al, 1996) in
WHATIF (Vriend, 1990), and gave a similar score to that of the
template model. A box of 4862 water molecules was then added to
the structure and equilibrated with constrained protein. Particle
mesh Ewald dynamics calculations were then performed for 400 ps
at 300 K with constraints placed on the main-chain atoms at the N-
and C-terminus. Again, the WHAT_CHECK scores remained
closely similar to those of the starting model. At this point, the
residue replacement Ala12Thr was made in K6hf and the molecular
dynamics calculations repeated.
Cell culture and transfections K6hf and K17 cDNAs were
obtained by BamI/HindIII digestion of the previously described
bacterial expression vector constructs K6hfpDS5 and K17pDS5,
respectively (Hofmann et al, 2002). The K6hf Ala12Thr cDNA was
generated by RT–PCR using cDNAs from plucked hair follicles of
individual II-2 of the PFB family (Fig 2a) as a template. After cloning
of the various cDNAs into the PCR cloning vector pCR-XL-Topo
(Invitrogen, Karlsruhe, Germany) and verification of the correct
ORF by sequencing, the cDNAs were cloned into the eukaryotic
expression vector pcDNA3.1 (Invitrogen). PtK2 cells (potoroo
kidney simple epithelial cells) were cultured in plastic tissue culture
grade dishes without feeder cells in a 1:1 mixture of DMEM and
Ham’s F12 growth medium supplemented with 10% FCS and 1%
L-glutamine at 371C and 5% CO2. For transfections, cells were
cultured on 13 mm diameter coverslips (BDH, BDH-VWR Interna-
tional, Dorset, UK) to 50% confluence. Transient transfections were
carried out using the FuGene 6 transfection reagent (LaRoche,
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Mannheim, Germany) according to the manufacturer’s instructions
plus 1 mg of plasmid DNA per 2 mL of serum-free medium. K6hfWT
and K6hfAla12Thr plasmid DNAs were mixed at a 1:1 ratio with
K17 (K6hfWT/K17 or K6hfAla12Thr/K17) and incubated with the
FuGene 6 reagent for 24 h at 371C, after which the culture medium
was replaced with fresh medium.
Immunoﬂuorescence and imaging Keratin IF formation in PtK2
cells was detected by indirect immunofluorescence, using the
previously described K6hf-specific guinea pig polyclonal antibody
(Winter et al, 1998) and Alexa Fluor 488 goat anti-guinea pig IgG
(Hþ L) (Molecular Probes, Leiden, The Netherlands) as secondary
antibody. Cells were fixed and stained for K6hf at fixed time points
24 and 48 h after transfection. Images (512  512 dpi, 2  2
binning) were collected using a  100 1.4 NA oil immersion
objective on a Nikon inverted TE200 Eclipse epifluorescence
microscope equipped with a fully motorized Z stage (Applied
Precision, Marlboro, UK) and linked to a Micromax CCD camera
(Roper Scientific, Vianen, The Netherlands), part of the DeltaVision
imaging system (Applied Precision).
Statistical analysis Statistical significance was determined by
means of Fischer’s exact test for the comparison of two proportions
using the statistical package ADAM of the Biostatistics Unit of the
German Cancer Research Center. Results were considered sig-
nificant if the two-sided p-value was less than 0.05. Conditional
logistic regression, odds ratios, and their 95% confidence intervals
were calculated using the SAS software package. Exact 95%
confidence intervals were taken from Geigy tables.
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